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FLYING MOBILE ON-BOARD

from a Sample placed on said Sample Supporting Stage into

ELLIPSOMETER, POLARIMETER,

the Data Detector Without moving the Data Detector so it

REFLECTOMETER AND THE LIKE
SYSTEMS

intercepts a beam exiting said Sample. It should be appre
ciated then that conventional Re?ectometer, Spectropho

tometer, Ellipsometer and Polarimeter Systems Which
This application Claims bene?t of Provisional Applica
tions 60/564,747 Filed Apr. 23, 2004, and 60/580,314 Filed

include provision for such Sample positioning adjustment
and orientation With respect to an impinging Electromag

Jun. 17, 2004. This application is further a Continuation-In

netic beam, typically do so by alloWing the Sample Sup
porting Stage position to be adjusted, rather than by e?cecting

Part of Utility application Ser. Nos. 10/829,620 Filed Apr.
22, 2004 now US. Pat. No. 7,193,710; and of 10/925,333

simultaneous change in location of the Source and Data

Filed Aug. 24, 2004, and therevia of 10/050,802 Filed Jan.
15, 2002, (now US. Pat. No. 6,859,278). This application is

Detector With respect to the Sample Supporting Stage,
because it is far simpler to implement Sample Supporting

further a Continuation-In-Part of Utility application Ser. No.

Stage location change.

10/925,333 Filed Aug. 24, 2004, and of Ser. No. 10/829,620

The present invention breaks With conventional practice

Filed Apr. 22, 2004 now US. Pat. No. 7,193,710, and is a
Divisional of Ser. No. 10/050,802 Filed Jan. 15, 2002 now

by, While typically providing a substantially ?xed position

US. Pat. No. 6,859,278; and via the above applications
Claims Bene?t of Provisional Application Ser. No. 60/261,
243 Filed Jan. 16, 2001, 60/263,874 Filed Jan. 25, 2001,
60/287,784 Filed May 2, 2001. This application is further a
CIP of Utility applications Ser. Nos. 10/699,540 Filed Nov.
1, 2003 now US. Pat. No. 7,158,231, and 10/857,774 Filed
May 28, 2004, and therevia Claims bene?t of Provisional

System Which is mounted to a positioning system Which
alloWs adjustment its location in an “X”-“Y” Plane, and
along a “Z” direction perpendicular to its surface of the

Stage for supporting a Sample, providing a Re?ectometer,
Spectrophotometer, Ellipsometer, Polarimeter or the like
20

Sample. The present invention then, alloWs investigation of
a large Sample at many locations thereof.

Applications 60/424,589 Filed Nov. 7, 2002, 60/427,043
Filed Nov. 18, 2002, and 60/480,851 Filed Jun. 24, 2003.

25

Continuing, a typical goal in ellipsometry is to obtain, for
each Wavelength in, and angle of incidence of said beam of
electromagnetic radiation caused to interact With a sample

system, sample system characterizing PSI and DELTA val

TECHNICAL FIELD

ues, (Where PSI is related to a change in a ratio of magni

tudes of orthogonal components rp/rs in said beam of elec

The disclosed invention relates to re?ectometer, spectro

photometer, ellipsometer, polarimeter and the like, and more

30

phase shift entered betWeen said orthogonal components rp
and rs, caused by interaction With said sample system:

particularly to a substantially self-contained “on-board”

re?ectometer, spectrophotometer, sellipsometer, polarimeter
or the like system, Which is functionally mounted on a three
dimensional locational means to enable positioning it at
desired locations on, and an o?cset distance from, the surface

35

of a large sample and Which enable easy sequential setting
of different Angles-of-Incidence of a beam of electromag

As indicated above, Ellipsometer Systems generally
include a source of a beam of electromagnetic radiation, a

Polarizer, Which serves to impose a knoWn, (typically lin
ear), state of polarization on a beam of electromagnetic
radiation, a Stage for supporting a sample system, and an

netic radiation to a surface of said sample.
BACKGROUND

tromagnetic radiation, and Wherein DELTA is related to a

40

Analyzer Which serves to select a polarization state in a

beam of electromagnetic radiation after it has interacted With

Spectrophotometer, re?ectometer, polarimeter, ellipsom

a material system, and pass it to a Detector System for
analysis therein. As Well, one or more Compensator(s) can
be present and serve to a?fect a phase retardance betWeen

eter and the like systems are knoWn, (eg. Rotating Analyzer,

Rotating Polarizer, Rotating Compensator, Modulator Ele
ment Ellipsometer), and the like systems (SYS) are knoWn.
Typical construction provides of such systems include a

45

Sample Supporting Stage Which is substantially ?xed in
location. Functionally oriented With respect thereto are a

rotating elements include Rotating Polarizer (RP), Rotating

Substantially Fixed Position Source Means (S) for providing
a beam of electromagnetic radiation at an oblique angle to

50

tem because they do not demonstrate “Dead-Spots” Where
obtaining ellipsometric data is di?icult. They can read PSI

Sample placed on said Sample Supporting Stage. Typical

and DELTA of a Material System over a full Range of
55

Stage, cause a beam of Electromagnetic Radiation to

Detector Means in response to electromagnetic radiation

son, Rotating Analyzer and Rotating Polarizer Ellipsometers

Which enters thereinto, Which data is analyzed to provide
60

procedure can include adjustment of the Sample Supporting

have “Dead Spots” at DELTA’s near 0.0 or 180 Degrees and

Modulation Element Ellipsometers also have a “Dead Spot”
at PSI near 45 Degrees). The utility of Rotating Compen
sator Ellipsometer Systems should then be apparent.

Stage in an “X”-“Y” Plane, and along a “Z” direction

perpendicular to its surface, (ie. a vertical position adjust
ment Where the Electromagnetic Radiation approaches the
Sample at an oblique angle from a laterally located Source).
This purpose of said adjustment is to, for instance, enable the
directing of a beam of Electromagnetic Radiation Re?ected

Degrees With the only limitation being that if PSI becomes
essentially zero (0.0), one can’t then determine DELTA as
there is not suf?cient PSI Polar Vector Length to form the
angle betWeen the PSI Vector and an “X” axis. In compari

impinge thereonto, and record data produced by the Data

insight into Sample Optical and Physical properties. Said

Analyzer (RA) and Rotating Compensator (RC). Apreferred
embodiment is a Rotating Compensator Ellipsometer Sys

said Sample Supporting Stage, and a Substantially Fixed
Position Data Detector Means (D) for intercepting Electro
magnetic Radiation With Re?ects (or Transmits through), a
procedure is to place a Sample onto the Sample Supporting

orthogonal components of a polarized beam of electromag
netic radiation. A number of types of ellipsometer systems
exist, such as those Which include rotating elements and
those Which include modulation elements. Those including

Another bene?t provided by Rotating Compensator Ellip
65

someter Systems is that the Polarizer (P) and Analyzer (A)
positions are ?xed, and that provides bene?t in that polar
ization state sensitivity to input and output optics during data

US 7,277,171 B1
3

4

acquisition is essentially non-existent. This enables rela
tively easy use of optic ?bers, mirrors, lenses etc. for

method for extending the range of Rotating Analyzer/Polar
izer ellipsometer systems to alloW measurement of DEL
TA’S near zero (0.0) and one-hundred-eighty (180) degrees.
Said patent describes the presence of a WindoW-like variable
bi-refringent component Which is added to a Rotating Ana

input/output.
While Data taken at one (AOI) and one or multiple

Wavelengths is often su?icient to alloW ellipsometric char
acterization of a sample system, the results of Ellipsometric

lyzer/Polarizer ellipsometer system, and the application

Investigation can be greatly enhanced by using multiple

thereof during data acquisition, to enable the identi?ed

(AOI’s) to obtain additional data sets. However, While it is

capability.

relatively easy to provide Wavelength change Without exten
sive di?icult physical Ellipsometer System Orientation
change, it is typically di?icult to change the Angle-of

A patent to Thompson et al. US. Pat. No. 5,706,212
teaches a mathematical regression based double Fourier

series ellipsometer calibration procedure for application,
primarily, in calibrating ellipsometers system utilized in

Incidence (AOI) that a Beam of Electromagnetic Radiation
makes to a surface of a sample system. An (AOI) change
requires that both the Source of the Electromagnetic Beam
and the Detector must be re-positioned and aligned, and such
is tedious and time consuming.
While present invention systems can be applied in any
material system investigation system such as Polarimeter,
Re?ectometer, Spectrophotometer and the like Systems, an

important application is in Ellipsometer Systems, Whether

infrared Wavelength range. Bi-refringent WindoW-like com
pensators are described as present in the system thereof, and
discussion of correlation of retardations entered by sequen
tially adjacent elements Which do not rotate With respect to
one another during data acquisition is described therein.
A patent to Woollam et al., US. Pat. No. 5,582,646 is

disclosed as it describes obtaining ellipsometic data through
20

WindoWs in a vacuum chamber, utilizing other than a BreW

understood that Ellipsometry involves acquisition of sample

ster Angle of Incidence.
Patent to Woollam et al., US. Pat. No. 5,373,359, patent

system characterizing data at single or multiple Wave

to Johs et al. US. Pat. No. 5,666,201 and patent to Green et

monochromatic or spectroscopic. It should therefore be

lengths, and at one or more Angle(s)-of-Incidence (AOI) of
a Beam of Electromagnetic Radiation to a surface of the

al., US. Pat. No. 5,521,706, and patent to Johs et al., US.
25

Pat. No. 5,504,582 are disclosed for general information as

sample system. Ellipsometry is generally Well described in

they pertain to Rotating Analyzer ellipsometer systems.

a great many number of publications, one such publication

Patent to Bernoux et al., US. Pat. No. 5,329,357 is
identi?ed as it describes the use of optical ?bers as input and
output means in an ellipsometer system.
A Patent to Finarov, US. Pat. No. 5,764,365 is disclosed
as it describes a system for moving an ellipsometer beam
over a large two-dimensional area on the surface of a sample

being a revieW paper by Collins, titled “Automatic Rotating

Element Ellipsometers: Calibration, Operation and Real
Time Applications”, Rev. Sci. Instrum, 61(8) (1990).

30

It is also noted that Ultraviolet (UV) or Infra-Red (IR)
Wavelengths are absorbed by oxygen or Water vapor, hence
Where they are applied, it is necessary to evacuate or purge

at least the region around a sample.
Further, it is to be understood that causing a polarized
beam of electromagnetic radiation to interact With a sample
system generally causes change in the ratio of the intensities

35

an electromagnetic beam onto a sample system.
A Patent to Canino, US. Pat. No. 4,672,196 describes a

of orthogonal components thereof and/or the phase shift
betWeen said orthogonal components. The same is generally
true for interaction betWeen any system component and a

system, Which system utilizes beam de?ectors.
A Patent to Berger et al., US. Pat. No. 5,343,293
describes an Ellipsometer Which comprises prisms to direct

40

system Which alloWs rotating a sample system to control the
angle of incidence of a beam of electromagnetic radiation
thereonto. Multiple detectors are present to receive the

polarized beam of electromagnetic radiation. In recognition

resulting re?ected beams.

of the need to isolate the effects of an investigated sample
system from those caused by interaction betWeen a beam of

A Patent to Bjork et al., US. Pat. No. 4,647,207 describes
an ellipsometer system in Which re?ecting elements are
moved into the path of a beam of electromagnetic radiation.
US. Pat. No. 6,081,334 to Grimbergen et al. describes a

electromagnetic radiation and system components other than
said sample system, (to enable accurate characterization of

45

a sample system per se.), this Speci?cation incorporates by

system for detecting semiconductor end point etching

reference the regression procedure of US. Pat. No. 5,872,
630 in that it describes simultaneous evaluation of sample

including a means for scanning a beam across the surface of
a substrate.

characterizing parameters such as PSI and DELTA, as Well

system characterizing parameters, and this Speci?cation also
incorporates by reference the Vacuum Chamber WindoW

50

Correction methodology of US. Pat. No. 6,034,777 to
account for phase shifts entered betWeen orthogonal com

ponents of a beam of electromagnetic radiation, by present
invention system multiangle prisms and/or lenses.
Another patent Which is incorporated hereinto by refer

surface of a sample using totally internally re?ecting prisms.
US. Pat. No. 5,412,473 to RosencWaig et al., describes a
55

describes a Beam Folding Optics System Which serves to

direct an electromagnetic beam via multiple re?ections,
60

orthogonal components therein. Brie?y, tWo pairs of mirrors
are oriented to form tWo orthogonally related planes such
that the phase shift entered to an electromagnetic beam by
interaction With the ?rst pair of mirrors is canceled by
interaction With the second pair.
Another patents incorporated hereinto by reference is US.
Pat. No. 5,757,494 to Green et al., in Which is taught a

ellipsometer system Which simultaneously provides an elec
tromagnetic beam at a sample surface at numerous angles of
incidence thereto.
A Patent to Chen et al., US. Pat. No. 5,581,350 is
identi?ed as it describes the application of regression in

ence is US. Pat. No. 5,969,818 to Johs et al. Said 818 Patent

Without signi?cantly changing the phase angle betWeen

A Patent to Ray, US. Pat. No. 5,410,409 describes a
system for scanning a laser beam across a sample surface.
US. Pat. No. 3,874,797 to Kasai describes means for
directing a beam of electromagnetic radiation onto the

calibration of ellipsometer systems.
An article by Johs, titled “Regression Calibration Method
For Rotating Element Ellipsometers”, Which appeared in
Thin Film Solids, Vol. 234 in 1993 is also identi?ed as it
predates the Chen et al. Patent and describes an essentially

65

similar approach to ellipsometer calibration.
A paper by Nijs & Silfhout, titled “Systematic and Ran
dom Errors in Rotating-Analyzer Ellipsometry”, J. Opt. Soc.

US 7,277,171 B1
5

6

Am. A., Vol. 5, No. 6, (June 1988), describes a ?rst order
mathematical correction factor approach to accounting for

“Samples” Which are very large, to be able to monitor many
locations thereon For instance, such a “Sample” might be a
sheet of glass Which has dimensions of Feet/Meters on a

WindoW effects in Rotating Analyzer ellipsometers.

side, Whereas conventionally “Samples” placed on Ellip

A paper by Kleim et al, titled “Systematic Errors in

Rotating-Compensator ellipsometry”, J. Opt. Soc. Am., Vol
11, No. 9, (September 1994) describes ?rst order corrections
for imperfections in WindoWs and compensators in Rotating

someter Stages are measured in on the order of inches/
centimeters on a side. For the purpose of enabling monitor

ing many locations on very large Samples it is bene?cial to
have a Self-Contained “On-Board” Ellipsometer Which

Compensator ellipsometers.
Other papers of interest in the area by Azzam & Bashara
include one titled “Uni?ed Analysis of Ellipsometry Errors

mounts to a TWo Dimensional locational system, (eg. an

“X”-“Y” Plotter-like System), near the surface of said Large

Due to Imperfect Components Cell-WindoW Birefringence,

Sample, said Self Contained Ellipsometer System having the

and Incorrect Azimuth Angles”, J. of the Opt. Soc. Am., Vol
61, No. 5, (May 1971); and one titled “Analysis of System
atic Errors in Rotating-Analyzer Ellipsometers”, J. of the

“On-Boar ” capability of directing TWo Dimensional loca
tion in a plane parallel to the substantially ?at surface of a

monitored large sample, and distance, (eg. “Z”), offset from

Opt. Soc. Am., Vol. 64, No. 11, (November 1974).

said Large Sample at set locations Within the TWo-Dimen

Another paper by Straaher et al., titled “The In?uence of
Cell WindoW Imperfections on the Calibration and Mea

sional plane.
An example of an ellipsometer system suitable for use in
the present invention is a spectroscopic rotating compensa
tor material system investigation system comprising a

sured Data of TWo Types of Rotating Analyzer Ellipsom
eters”, Surface Sci., North Holland, 96, (1980), describes a
graphical method for determining a plane of incidence in the

20

presence of WindoWs With small retardation.
Also, a paper Which is co-authored by the inventor herein

is titled “In Situ Multi-Wavelength Ellipsometric Control of
Thickness and Composition of Bragg Re?ector Structures”,

by Herzinger, Johs, Reich, Carpenter & Van Hove, Mat. Res.
Soc. Symp. Proc., Vol. 406, (1996) is also disclosed.

elements, said spectroscopic rotating compensator material
25

Even in vieW of the prior art, need remains for:
a material system investigation system Which is function
ally mounted to a tWo dimension location means for

positioning said selected system at points in a tWo
dimensional plane Which is, in use, oriented substan

30

Said ellipsometer system can further include means for
?oWing purge gas, such as Nitrogen, onto a region of a

of a sample; and

a simple to use system for enabling easy sequential setting
35

means for enabling easy provision of multiple Angles-of

spectrophotometer and the like systems;
particularly Where combined With an approach to account
40

Incidence of a beam of electromagnetic radiation With
respect to a sample system surface in material system
investigation systems such as:

ellipsometer;
polarimeter;

DISCLOSURE OF THE INVENTION

The presently disclosed invention breaks With conven

sample being investigated such that UV or IR Wavelength

electromagnetic radiation travels therethrough.
The disclosed invention system can further comprise

system in ellipsometer, polarimeter, re?ectometer,
for any effects of the presence thereof, during evalua
tion of sample system PSI and DELTA values.

system investigation system further comprising at least one
Pseudo-Achromatic compensator(s) positioned at a location
selected from the group consisting of:
before said stage for supporting a material system;
after said stage for supporting a material system; and
both before and after said stage for supporting a material

system.

tially parallel to but offset from, the plane of a surface
of different angle-of-incidence of a beam of electro
magnetic radiation With respect to a surface of a sample

source of an incoherent polychromatic beam of electromag
netic radiation, a polarizer, a stage for supporting a material
system, an analyzer, a dispersive optics and at least one
detector system Which contains a multiplicity of detector

re?ectometer; and
45

tional practice by teaching that the relative location betWeen
a Sample and a Source of Electromagnetic Radiation and a
Data Detector in a Re?ectometer or Ellipsometer and the

spectrophotometer;
Mueller Matrix measuring system;
Which operate at least one Wavelength in at least one
Wavelength range, such as:

like System should be accomplished by simultaneous
motion of the Source of Electromagnetic Radiation and

50

Data-Detector, (eg. in Lab coordinates), While the Sample
remains substantially ?xed, (eg. in said Lab Coordinates).

Visible;
Infrared;

While, it is not beyond the scope of the present invention to

Far Infrared;

provide a Stage Which can be moved, such is not a focus of

Radio Wave.
In use, a disclosed invention electromagnetic beam inter

thereof. The presently disclosed invention further breaks
With convention by teaching that means to produce a Beam

55

cepting angle-of-incidence changing system is situated near

of Electromagnetic Radiation, Set and Detect Polarization

a sample system such that its functional effects can be easily
entered into and removed from the path of an electromag

States thereof, and to direct motion in Three Dimensions
should be mounted self contained “On-Boar ” a mobile

system. That is, in a presently realized embodiment, the only

60

required external connections are means to provide electrical
poWer and means to carry data from said Data Detector to a

Data Analysis System, and in advanced embodiments under

development, battery poWer is also provided On-Board, and
Data is transmitted via a Wireless On-Board Transmitter.

The direct incentive for developing the presently dis
closed invention is found in the desire of producers of

65

netic beam. When functionally in the path of the electro
magnetic beam the disclosed invention system elements
intercept electromagnetic beam radiation on both the
impinging and re?ected side of the sample system. When the

disclosed invention electromagnetic beam intercepting
angle-of-incidence changing system is caused to be func
tionally in the path of the electromagnetic beam it acts, via
such as total internal re?ection Within multiangle prisms or
functional equivalents, (eg. re?ection from a sequence of

US 7,277,171 B1
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mirrors), to direct said electromagnetic beam at the sample

system, hence present systems eliminate the requirement
that a material system investigating system comprise mul

system at a different Angle-of-Incidence than is the case if

the electromagnetic beam simply directly approaches and

tiple sources and/or detectors, or that the position of the
source of electromagnetic radiation and/or detector thereof
be changed during use to effect said electromagnetic beam

re?ects from the sample system surface, hoWever, and
importantly as it is What provides the utility of the disclosed
invention, the electromagnetic beam is directed to substan
tially the same spot, (eg. see the spot in FIGS. 10 and 11 at
Which the beam impinges on the Sample (SS)), on a sample
system being investigated. That is, the same spot on a
sample system surface is addressed regardless of the pres

angle-of-incidence change.
At least one electromagnetic beam intercepting angle-of
incidence changing system can comprise, present on each
side of said means for supporting a sample system, at least
one selection from the groups consisting of:

multiple angle prism(s); and

ence of a disclosed invention Angle-of-Incidence changing

system in the pathWay of the electromagnetic beam. Further,

a system of mirrors;

as the electromagnetic beam Locus beyond the disclosed

said at least one electromagnetic beam intercepting angle
of-incidence changing system being slidably mounted to a
guide element such that the functional presence thereof in
the pathWay of the locus of the electromagnetic beams on
both sides of said means for supporting a sample system is
effected by physical sliding motion of said at least one

invention Angle-of Incidence changing system is not
changed by a disclosed invention Angle-of-Incidence chang
ing system, the presence thereof in the path of an electro
magnetic beam does not require any realignment of a Source
of the electromagnetic beam, or Detector thereof. In addi
tion, Where a disclosed invention system is entered into the

locus of an electromagnetic beam by physical motion,
multiple disclosed invention electromagnetic beam inter
cepting angle-of-incidence changing systems can be present

20

Another embodiment of the disclosed invention system
provides that at least one electromagnetic beam intercepting

adjacent to one another such that each can, as desired by a

angle-of-incidence changing system comprises:

user, be sequentially physically moved into place, and

thereby provide the possibility of sequentially easily e?fect
ing multiple different Angles-of-Incidence. When multiple
different disclosed invention Angle-of Incidence changing
system(s) are utiliZed, they are distinguished by the presence
of differently shaped Multiangle prisms, or functional
equivalents thereof, thereWithin. Note, hoWever, that as is

electromagnetic beam intercepting angle-of-incidence
changing system along said guide element.

25

a ?rst multiangle prism on the incident side of said means
for supporting a sample system and a second multi

angle prism thereafter, said ?rst and second multiangle
prisms each having a ?rst and a second side, each said

multiangle prism presenting With ?rst and second inner
30

surfaces at said ?rst and second sides respectively.

described later herein, some embodiments of the disclosed

In this embodiment, the ?rst and second sides of each

invention system are held stationary in position, and Which

multiangle prism have means for changing the properties of

electromagnetic beam enters a detector is controlled by
shutter doors and/or control of the transmission/re?ection
properties of an internal surface of a multiangle prism.
In practical application, the disclosed invention can then

inner surface thereof from essentially transmissive to essen
tially re?ective. Said means can be, for instance a voltage
35

is oriented such that an electromagnetic beam entering
thereinto encounters said ?rst or second inner surface
thereof and either passes therethrough and progresses on to

be described as:

at least one electromagnetic beam intercepting angle-of

incidence changing system Which comprises elements
that are easily functionally entered into the locus of the
electromagnetic beam on both sides of a sample sys
tem;
in functional combination With:
a material system investigation system comprising a
source of electromagnetic radiation, a means for sup

40

a sample system. Said material system investigating system
45

positioned in the electromagnetic beam locus selected from
the group consisting of:
de?ned by transmission through said ?rst or second side
of said ?rst multiangle prism; and

source of electromagnetic radiation and is caused to
re?ect from a sample system placed on said means for

supporting a sample system and enter said detector.

de?ned by re?ection from said ?rst or second side of said

As mentioned, said at least one electromagnetic beam inter

?rst multiangle prism;

cepting angle-of-incidence changing system, When caused to
be functionally present in the path of an electromagnetic
55

ing angle-of-incidence changing system is not so function
ally present, but at an angle-of-incidence Which is different

said at least one shutter door being positioned betWeen a ?rst

multiangle prism and the means for supporting a sample
system and/or betWeen said means for supporting a sample
system and a second multiangle prism.
Another embodiment of a disclosed invention material

60

beam intercepting angle-of-incidence changing system is
not functionally present. Importantly, said at least one elec

system investigating system provides that at least one elec

tromagnetic beam intercepting angle-of-incidence changing
system comprises:
on ?rst and second sides of said means for supporting a

tromagnetic beam intercepting angle-of-incidence changing
system does not effect, or require change of the locus of the
electromagnetic beams outside said at least one electromag

can further comprise at least one shutter door Which can be

opened to let the electromagnetic beam pass, or closed to
block its passage, said at least one shutter door being

a beam of electromagnetic radiation is provided by said

than that Which exists When said at least one electromagnetic

contact a sample system placed on said means for supporting
a sample system; or re?ects from said ?rst or second inner
surface thereof and then from said second or ?rst inner

surface thereof, respectively, and then progresses on to
contact a sample system placed on said means for supporting

porting a sample system, and a detector, such that in use

beam, serves to direct said electromagnetic beam onto
substantially the same spot on the sample system as is the
case Where said at least one electromagnetic beam intercept

controlled liquid crystal array. In use, each multiangle prism

sample system, ?rst and second, respectively, beam
65

splitters.

netic beam intercepting angle-of-incidence changing sys

Said ?rst and second beam splitters each have the property

tem, on either side of said means for supporting a sample

that they pass approximately half, and re?ect approximately

US 7,277,171 B1
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half of a beam of electromagnetic radiation caused to be
incident thereupon at an oblique angle to a surface thereof.

components by the ?rst pair of re?ective means is
canceled by that entered by the second pair of re?ective

Said at least one electromagnetic beam intercepting angle
of-incidence changing system further comprises a ?rst
re?ective means positioned to intercept the approximately
half of the electromagnetic beam Which re?ects from said

It should be appreciated then that the disclosed invention
is found primarily in the addition of disclosed invention

means.

Angle-of-Incidence changing system(s) to conventional
material system investigation systems, and that the entering

?rst beam splitter on the incident side of said means for
supporting a sample system and direct it toWard said means

and/or removing procedure can be via physical motion of an
angle-of-incidence changing system into and out of the locus

for supporting a sample system. Also present is a second
re?ective means positioned after said means for supporting
a sample system to intercept an electromagnetic beam Which
re?ects from a sample system placed on said means for
supporting a sample system and direct it toWard the second

of a beam of electromagnetic radiation, by operation of
shutter doors statically placed in the locus of a beam of

electromagnetic radiation, or by altering the properties of the
inner surface of a multigangle prism statically placed to

beam splitter Said material system Investigating system

intercept a beam of electromagnetic radiation, to be trans
missive or re?ective. In any embodiment thereof, the utility
of the disclosed invention is based upon the ease With Which
an angle-of-incidence of a beam of electromagnetic radia
tion to the surface of a sample system can be changed, (ie.

further comprises at least one shutter door Which can be
opened to let the electromagnetic beam pass, or closed to
block its passage, said at least one shutter door being

positioned in the pathWay of the electromagnetic beam

typically attendant requirement for changing the position of

betWeen Which progresses along a locus selected from the

group consisting of:
de?ned by passage through said ?rst beam splitter; and
de?ned by re?ection from said ?rst beam splitter;
on either side of said means for supporting a sample system.
Typically four shutter doors Will be present, tWo on each side
of the means for supporting a sample system, said shutter

20

The disclosed invention then comprises the Mounting of
a material system investigation system such as Ellipsometer,

Polarimeter, Re?ectometer or Spectrophotometer System,
25

doors being positioned in the loci of the electromagnetic

(With or Without a disclosed invention angle-of-incidence
changing system present), on an X-Y-Z Position Control
System so it can be moved around the surface of a large area

beams Which are most easily identi?ed as those transmitting

through and re?ecting from the beam splitter on the incident
side of the means for supporting a sample system, although
said beams are continuous past sample system from Which

a source and/or detector of electromagnetic radiation is not

required).

Sample, (Z is for focus). While non-limiting, an example is
that very large, (eg. multiple feet by multiple feet), slabs of
30

they re?ect.

glass are these days coated With Indium-Tin-Oxide. It is
necessary to “Map” the sample system to determine if the
(ITO) thickness is even over its area. A solution is to place

The material system investigating system including the

an Ellipsometer on a system that alloWs it to be moved in

disclosed invention can also include means for adjusting the

X-Y-Z directions, then sequentially move it, and take data,

orientation of at least one angle-of-incidence changing ele
ment in an electromagnetic beam intercepting angle-of
incidence changing system, optionally in simultaneous com

35

Re?ectometer System is mounted to move in an X-Z or Y-Z

plane, instead of the X-Y plane, then the Y or X, respec

bination With included lenses positioned to focus a beam of

electromagnetic radiation onto a sample system.
Continuing, as taught in US. Pat. No. 5,969,818 to Johs

and repeat. (Note that if an Ellipsometer or Polarimeter or

tively, direction is for focus).
Further, it is to be understood that the disclosed invention
40

et al., (Which is incorporated herein by reference), the

incorporates by reference the regression based calibration
methodology of US. Pat. No. 5,872,630 into its operation to

disclosed invention at least one electromagnetic beam inter

simultaneously evaluate sample system characterizing

cepting angle-of-incidence changing system can comprise,

parameters such as PSI and DELTA, as Well as Ellipsometer

on ?rst and/or second sides of said means for supporting a

sample system, at least one system of mirrors, said at least
one system of mirrors being comprised of:

or the like and disclosed invention system characterizing
45

Pat. No. 6,034,777 to account for phase shifts entered
betWeen orthogonal components of a beam of electromag

a means for changing the propagation direction of an

initial beam of electromagnetic radiation Without sig

ni?cantly changing the phase angle betWeen orthogonal
components thereof, said means comprising tWo pairs

parameters, and also incorporates by reference the WindoW
Correction and correlation breaking methodology of US.

netic radiation, by disclosed invention system multiangle
50

prisms, system of mirrors and optional lenses, or functional

of re?ecting mirrors oriented so that said initial beam of
electromagnetic radiation re?ects from a ?rst re?ecting

equivalents.

means in the ?rst pair of re?ecting means to a second

systems can be used in Polarimeter, Re?ectometer, Spectro
photometer and the like Systems, as Well as in Ellipsometer

re?ecting means in said ?rst pair of re?ecting means, in
a ?rst plane; and such that the beam of electromagnetic
radiation Which re?ects from the second re?ecting

Again, disclosed invention angle-of-incidence changing
55

means in said ?rst pair of re?ecting means re?ects from
the ?rst re?ecting means in said second pair of re?ect

To aid With Disclosure as to hoW the disclosed invention
can be practiced, relevant material from US. Pat. Nos.

ing means to said second re?ecting means in said

second pair of re?ecting means, in a second plane
Which is essentially orthogonal to said ?rst plane; such
that the direction of propagation of the beam of elec
tromagnetic radiation re?ected from the second re?ect
ing means in said second pair of re?ecting means is
different from the propagation direction of the initial
beam of electromagnetic radiation; the basis of opera

tion being that changes entered betWeen the orthogonal

Systems, Whether monochromatic or over a spectroscopic

Wavelength range.
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5,872,630 and 6,034,777 is included directly hereWithin. In
particular, While not limiting, a relevant ellipsometer system
to Which the disclosed invention system can be described as

comprising;
65

a. a Source of a beam of electromagnetic radiation;
b. a PolariZer element;
c. optionally a compensator element;

d. (additional element(s));
e. a sample system;

